Outcome predictors of biologic therapeutic drugs like TNF inhibitors are of interest since side effects like serious infections or malignancy cannot be completely ruled out. Response rates are heterogeneous. The present study addressed the question whether in patients with rheumatoid arthritis (RA) interleukin-10 (IL-10) promoter genotypes with potential relevance for IL-10 production capacity are associated with response to long-term treatment with etanercept. Caucasian RA patients that, according to the EULAR criteria, responded well (n = 25), moderately (n = 17) or not (n = 8) to etanercept therapy (median 36 months, range 4-52), and 160 matched controls were genotyped for the IL
Introduction
The introduction of tumor necrosis factor (TNF) blocking agents into the therapy of rheumatoid arthritis (RA) is a story of remarkable success [1] . The efficacy of anti-TNF is comparable to or even better than methotrexate, and today, we are not aware of startling safety concerns. Additionally, antagonizing cytokines provided us with detailed insights into the pathophysiology of chronic inflammation [2] . However, about 30-40% of the patients fail to respond. Moreover, response to inhibitors with different mechanisms of action such as soluble receptors or monoclonal antibodies is heterogeneous. Compared to patients on conventional DMARD therapy, patients treated with anti-TNF seem to have a higher risk of serious infections, of tuberculosis, of infections by herpes zoster, and also the risk of melanoma seems to be slightly increased [3] . Thus, reliable predictors of therapy outcome are expedient, allowing for the rational selection of eligible patients.
Explicit immunological consequences of blocking TNF are not yet certain, as complex interactions within the cytokine network that support the ongoing inflammation are not fully understood. However, the balance of pro-and anti-inflammatory cytokines has been attributed an important role [4, 4] . In contrast to TNF-alpha, interleukin-10 (IL-10) is considered to mediate down-regulation of the inflammatory cascade, as it inhibits the activation and effector functions of T cells, macrophages, and monocytes [5, 6] . In particular, it acts as a negative autocrine regulator of TNF-alpha and other pro-inflammatory cytokines [7] . A direct antiinflammatory potential of IL-10 in cartilage has been described [8] . On the other hand, effects of IL-10 are pleiotropic, as it stimulates B cell survival, proliferation, differentiation, and antibody isotype switching [6] . Elevated levels of IL-10 have been found in the serum and synovial fluid of RA patients, possibly contributing to the diminished T cell function and increased antibody and rheumatoid factor production [9] . In fact, IL-10 has been reported to activate B cells in vitro to promote autoantibody production like rheumatoid factor or antibodies against cyclic citrullinated peptide [10] [11] [12] .
Interindividual variability in IL-10 secretion is determined to a large scale by genetic variance [13] . The IL-10 promoter contains polymorphic elements that combine to form 4 major haplotype families [14] . Linkage disquilibrium restricts three proximal single nucleotide polymorphisms (SNPs) at -1082 A>G, -819 T>C, and -592 C>A to assemble only three predominant haplotypes (ATA, ACC and GCC), which have been studied for their association with IL-10 production [15] . Homozygous carriers of GCC are considered as IL-10 high producers, emphasizing -1082 G as the most relevant allele [16] [17] [18] . Studies investigating a SNP at -2849 G>A have shown that G carriers significantly overproduce IL-10 [19, 20] . RA patients carrying -2849 G displayed higher autoantibody titres and a higher rate of joint destruction [21] . The relevance of this polymorphism as a part of extended haplotypes is not fully understood.
Based on theoretical considerations and experimental findings that attribute IL-10 a pathogenetic role in RA, the present study addressed the question whether genetic polymorphisms associated with the constitutional IL-10 production could additionally be related to anti-TNF therapy response in RA. Potential genetic predictors of anti-TNF response have been reported [22] . We previously observed an association of IL-10 promoter microsatellites, that have also been linked to susceptibility to RA, with the outcome under etanercept therapy [23, 24] . We now genotyped patients and healthy controls for the IL-10 promoter SNPs at -2849, -1082, -819, and -592, reconstructed haplotypes, and analyzed their association with response to longterm treatment with etanercept. [27] . Participants of this study were employees of Westphalian companies, with significant cardiovascular, pulmonary, metabolic, rheumatic, and renal disease being excluded before study admission by review of medical history and physical examination.
Therapy
Recombinant human TNF receptor (p75)-Fc fusion protein (etanercept) was obtained from Pfizer Deutschland GmbH, Berlin, Germany. In Münster, 29 patients started therapy in randomized, placebo controlled trials for two (9 patients) or three months (20 patients), respectively. Within this period, they received 5 different doses of etanercept or placebo. The median etanercept dosage given in the controlled trials was 20 mg (range 10-100) per week. Thereafter, all 50 patients were treated with 25 mg etanercept as monotherapy subcutaneously twice a week for up to four years. Clinical evaluations comprised the calculation of a disease activity score (DAS28), a combined index based on a 28 tender and swollen joint count, erythrocyte sedimentation rate, and the patients global disease activity measured on a visual analog scale [28] . In Münster, follow-ups were performed before the start of therapy and then every three months. In Magdeburg, patients were examined at baseline, after 3 and 6 months and than every six months. Treatment response was assessed as defined by the EULAR criteria in an intention-to-treat analysis, with the last observation carried forward [29] . The median treatment period was 36 months, ranging from 4 to 52 months. We thereby surveyed a total of 148 patient-years under etanercept.
Genotyping
DNA was extracted from EDTA-anticoagulated blood according to the standard protocol of Higuchi or by QIAamp DNA Blood Mini Kit (QIAGEN, Hilden, Germany) [30] . The following IL-10 promoter SNPs were genotyped: -2849 G>A (rs6703630), -1082 G>A (rs1800896), -819 C>T (rs1800871) and -592 C>A (rs1800872). Direct genotyping by real-time PCR (qPCR) was performed on an ABI 7900 HT (Applied Biosystems, Weiterstadt, Germany) in a 384 well format. Commercially available Custom TaqMan SNP Genotyping assays (c__1747363_10 for -592 C>A and c__1747362_10 for -819 C>T) and 2 x TaqMan Universal PCR Master Mix (Applied Biosystems, Weiterstadt, Germany) were used. Standard qPCR cycling conditions were applied: hot start hold for 10 minutes at 95°C followed by 40 PCR cycles consisting of two steps, denaturation at 92°C for 15 seconds, annealing and extension at 60°C for 1 minute. qPCR row data analyses and call of SNP types were done with the SDS 2.3 Software (Applied Biosystems, Weiterstadt, Germany). Because of repetitive Alu-sequences nearby the SNPs -2849 G>A and -1082 G>A no functional qPCR assays were available. We therefore used classical Sanger sequencing methods for these SNP determinations. In brief: AmpliTaq Gold PCR standard reactions (Applied Biosystems, Weiterstadt Germany, for primer sequences see Table 2 ) were performed in an Eppendorf Mastercycler (Eppendorf, Hamburg, Germany) using following PCR cycle conditions: hot start hold for 10 minutes at 95°C followed by 40 PCR cycles consisting of three steps, denaturation for 45 seconds at 95°C, annealing for 1 minute at 62°C and extension at 72°C for 60 seconds, followed by a final extension for 7 min. BigDye 3.1 standard DNA-sequencing reactions were performed in a Gene Amp PCR System 9700, followed by capillary electrophoresis done on an ABI 3730XL sequencer (Applied Biosystems, Weiterstadt, Germany). Raw data analyses and the call of SNPs were done with the SeqScape v2.7 software (Applied Biosystems, Weiterstadt Germany) [31] .
Haplotype reconstruction and statistical analysis
Haplotypes were reconstructed using a Bayesian, coalescent theory-based method with the PHASE software (Version 2.1 for DOS) [32, 33] . The software incorporates a model that allows for recombination and decay of linkage disequilibrium with physical distance of alleles. Moreover, the type of polymorphism (SNP or multiallelic with/without stepwise mutation mechanism, respectively) is taken into account. Linkage disequilibria were calculated using the 
Results

Clinical response to etanercept therapy
As shown in Fig 1, overall clinical response to etanercept was excellent. Within the first year, we registered a highly significant reduction in the median DAS28 from 6.2 to 3.8, and in the median steroid consumption from 7.5 to 5.0 mg prednisolone equivalent, both at P 0.0001. This reduction remained stable, as no further significant changes were observed thereafter. therapy within the study period. Reasons for discontinuation were ineffectiveness as assessed by the patients (n = 7), severe adverse events (n = 2), long distance to the study center (n = 2), scheduled surgery (n = 1), desire for pregnancy (n = 1), and non-compliance (n = 1). The severe adverse events that led to discontinuation of therapy were, in one patient each, a perforation of the sigmoid colon, and thrombocytopenia. Failure to etanercept therapy (= no response) was associated with a disease duration longer than 7 years (P = 0.0241). At their final visit, patients that responded well were significantly more often under prednisolone doses below 2.5 mg than patients who responded moderately or not (P = 0.0024). No significant associations were observed between response to therapy and patients sex, age at study entry, positivity for rheumatoid factor, number of previous DMARD therapies, DAS28 or steroid dosage at start of therapy.
Genotype distribution in patients and healthy controls
The minor allele frequencies of the four SNPs under study in RA patients and healthy controls are shown in Fig 2. Although we observed a trend of the -2849 A allele being more frequent in the RA patients, this association was not significant (χ 2 = 2.16; P = 0.1514). This held true for the genotype distribution, as -2849 AA and AG genotypes were not overrepresented in the RA patients. Disease associations with the other alleles under study were neither found. Additionally, allele frequencies of -2849 were not associated with positivity for the rheumatoid factor (χ 2 = 0.08; P = 0.7840). Fig   3 depicts the haplotypes reconstructed using PHASE 2.1 [36, 37] . This method resulted in a median phase probability of 100%. Ninety-five (95) percent of the reconstructed phases had a probability of greater than 97%. Linkage disequilibria between the four loci under study were calculated with Haploview 4.2 and are shown in haplotypes. Linkage between the other loci was less strong. However, -2849 A only occurred in combination with the proximal GCC haplotype (D' 0.9, r-squared 0.25), and -1082 A with the proximal TA haplotype (D' 0.9, r-squared 0.28). As a consequence, in the RA population as well as in the controls we observed the four predominant haplotypes AGCC, GATA, GACC, and GGCC with frequencies between 0.2 and 0.3. There was no significant difference in the haplotype distribution between the patients and the healthy controls (χ 2 (T4) = 3.47; P = 0.3930), neither AGCC was associated with susceptibility to, nor GGCC with prevention from RA.
Clinical response in relation to genotype distribution
The analysis of etanercept response relative to the four IL-10 promoter SNPs revealed a strong association of a favourable outcome under etanercept treatment with the putative IL-10 low producer -2849 A allele, which is shown in Fig 5 (OR 3 .0, 95% CI 1.2-7.6). The relative risk of these well responding patients to carry the IL-10-2849 A allele is shown in Table 3 . By contrast, the SNPs IL-10-1082, -819, and -592 were not independently associated with the therapy outcome. A closer inspection of the haplotypes as done in Fig 6 revealed an association of a good response with AGCC (OR 3.5; 95% CI 1.4-9.0) and of a moderate or no response with GGCC (OR 2.9; 95% CI 1.1-7.8). The maximum chance to respond favourably was observed when patients carried either AGCC or GATA, whereas patients responded moderately or not when carrying GGCC (Table 3 ; S1 File).
Discussion
The introduction of TNF blocking agents like the soluble TNF receptor-Fc fusion protein etanercept has been a milestone in the treatment of patients with chronic inflammation such as . No significant differences between RA patients and healthy controls were observed. Presumptive low / high IL-10 in vitro production capacity has been described for AGCC and GACC, respectively [14] . RA. Despite considerable clinical efficts, the risk of severe infection or distinct forms of malignancy cannot completely be ruled out [3] . Not all the patients respond equally well, and biologic DMARDs are of surpassing costs. Thus, reliable predictors of therapy outcome would be, without a doubt, beneficial, allowing for an adequate patient selection. The RA population under study is representative with respect to clinical presentation and demographic data. Most of the patients were tested positive for the rheumatoid factor. Despite a considerable disease duration at start of therapy, the majority was at highly active disease, and most of them had been heavily pretreated. Response to therapy in more than 80% of the patients, which was paralleled by a highly significant reduction in the steroid consumption, is thus compelling. Surprisingly, the response went along with a shorter disease duration, but not with the disease activity at start of therapy. Of note, with one perforation of the sigmoid colon we observed a life threatening adverse event that again emphasises the need to monitor the patients for evidence of incipient complications like infection.
The principal finding of our study is the association of a favourable etanercept response with genotypes that have previously been linked to low IL-10 production capacity in vitro [20, 39] . This observation holds true for the -2849 G>A SNP and may be confirmed when analysing the extended haplotypes. Here we observed a haplotype-response relation, as a function of the presumptive in vitro IL-10 secretion capacity that has been described in one study [14] . Admittedly, the exact correlation of the IL-10 secretion capacity and the extended haplotypes has not yet been definitively established. However, studies consistently demonstrated low IL-10 production capacity for -2849 A containing haplotypes [20, 39] . By contrast, -2849 G containing haplotypes showed differential IL-10 production capacities, depending on the individual proximal haplotype structure. Based on comparable haplotype frequencies in our study population and in Dutch Caucasians, -2849 A presumably is linked to the microsatellite allele IL10.R3, and -2849 G to IL10.R2, respectively [14] . Eskdale et al. demonstrated an association of the lowest IL-10 secretion with the haplotype R3-GCC, whereas highest secretion was observed for R2-ACC. Nevertheless, we conclude that response to anti-TNF therapy may be favoured by a constitutionally low IL-10 production, although the functional assignment of the IL-10 promoter haplotypes has to be further characterized.
At a first glance, our finding seems to be suprising, as the majority of the IL-10 properties seem to be anti-inflammatory, and the balance between pro-and anti-inflammatory stimuli should actually determine the course of the disease [7] . On the other hand, IL-10 displays some pivotal pro-inflammatory characteristics that suit to support ongoing inflammation in the affected joints [6, 9, [40] [41] [42] . It has been established that IL-10 serum levels are elevated in patients with RA, and little efficacy has been seen in clinical studies performed with human recombinant IL-10 [43, 44] . Additionally, patients carrying the-2849 G IL-10 high producer allele have previously been shown to suffer from more severe disease [21] . Thus, a low IL-10 production capacity may be associated with a milder course of the disease. The mere balance between TNF-alpha and IL-10 is not necissarily the crucial determinant in RA, especially when a therapeutic TNF blockade is applied, revealing pro-inflammatory effects of its endogeneous antagonist IL-10. Nevertheless, this hypothesis derives from genetic data, which actually have to be confirmed by measurement of cytokine levels. With regard to susceptibility to RA the data from our small study population do not provide evidence that constitutionally different IL-10 production may be involved. This applies to the isolated SNPs as well as to the reconstructed haplotypes, and it matches previous reports [21] . Of interest, we observed a trend of -2849 A found slightly more often in our selected and, without a doubt, severely affected patient cohort. As an explanation may serve that a genetically determined low IL-10 production may result in an attenuated endogenous anti-inflammatory status, giving rise to an unreined pro-inflammatory activity of TNF-alpha.
As in previous studies, complexity of the IL-10 promoter with respect to functional aspects is reflected by the fact that the observed associations are generally stronger when the analysis is extended to haplotypes [31] . Thus, substantial information is gained when the structure of genetic elements is resolved to haplotypes rather than being restricted to the single nucleotide polymorphisms. The IL-10 promoter is suitable for this observation, as the number of observed haplotypes is, due to extensive linkage disequilibrium, restricted to half of the number expected. Additionally, inadequate implication of haplotype effects may account for negative results of large genome wide association studies investigating the association of SNPs with the anti-TNF response [45, 46] . In summary, our data provide evidence that putative IL-10 low-producer genotypes are associated with a favourable response to etanercept therapy in patients with RA. The restricted number of haplotypes within the IL-10 promoter qualifies the SNPs under study as accessible predictors of therapy outcome that could amend patient selection criteria. However, the associations described have to be further confirmed. Future studies should focus not only on therapy response, but especially on adverse events.
Key Messages
IL-10 promoter SNP genotypes have previously been related to the cytokine production capacity in vitro. We observed an association of putative IL-10 low producer genotypes with a favourable etanercept response in patients with rheumatoid arthritis. This may prospectively help to identify patients that are eligible for an anti TNF therapy. 
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